Measles virus was found to grow in L cells, without producing cytopathic effects. The growth curve experiments revealed two phases of infection, viz., the early logarithmic multiplication and the later persistent state of infection.
INTRODUCTION
Measles virus is known to replicate in a variety of mammalian cells, e. g., AV-3, HeLa cells (Thomison, 1962) , Chang liver, conjunctiva, FL cells (Toyoshima et al., 1959 (Toyoshima et al., , 1960 , KB cells (Kohn and Yassy, 1962) , Vero cells (Shishido et al., 1967) and MEC-La strain of mouse embryo cells (Parfanovich et al., 1966) .
Although most of the cells listed above are capable of supporting complete cycles of the viral multiplication, there have been reports on the incidences of an incomplete growth and/or an establishment of a persistent state of infection in HeLa cells (Rustigian, 1962 ) and Lu109 cells (Norrby, 1965) .
In this communication, growth of measles virus in the monolayer of L cells is reported. After an initial rapid multiplication of the virus, the total infectivity decreased slowly until the cells became persistently infected. No evidence of cytopathic effect was obtained throughout this process. Detailed observations on the virus-cell interactions are reported. In short, measles virus was adsorbed onto suspended L or Vero cells at 4 C for 1 hr at a multiplicity of infection (moi) around 0.01-0.001 PFU/cell to avoid multible infections of the virus in a single cell. To initiate the viral penetration, temperature of the infected cell suspension was quickly raised up to 37 C. At appropriate time intervals, penetration was terminated by mixing 1 volume of the suspension with 9 volumes of glycin-HCl buffer saline (GHS) of the following ingredients: 0.14 M NaCl, 8 mM glycin, 0.001 N HCl, 1.2 mg/ml of bovine serum albumin (Armour's fraction V). Resultant pH of the final mixture was 3.0 where infectivity of measles virus dropped to below 10 within 30 seconds. There was obtained no inhibitory effect on MEASLES VIRUS 303 the viability of pre-formed IC by this acid treatment.
MATERIALS AND METHODS

Cells
After 5 minutes at room temperature, the pH was brought back to 7.0 by addition of a pre-determined amount of M/15 Na2HPO4, and IC were assayed on monolayers of Vero cells. The addition of neutralizing antibody to avoid secondary infection was not necessary, because the appearance of progeny viruses was not detectable at the earliest 10 hr after infection, and until that time IC had attached on the glass wall completely. Subsequent procedures were the same as described in the measurement of IC.
Interferon assay: VSV was employed as a challenge virus, proceduces for assay of interferon potency were described elsewhere (Kohno, Kohase and Suganuma, 1968a) .
Guinea pig antiserum: Anti-measles virus serum was prepared in guinea pigs by repeated subcutaneous inoculations of an inactivated measles virus suspension using aluminium phosphate as an ad juvant. Neutralizing antibody titer of the pooled sera was 1: 2560 against 100 tissue culture infective dose (Vero-TCID50) of the virus.
Fluorescent antibody staining: Fluorescin isothiocyanate labeled monkey antimeasles antibody was a gift of Dr. Kobune of this laboratory. Its neutralizing antibody titer was 1: 2560, and the staining titer was 1: 32 and F/P was 2.8. Monolayers of test cells grown on coverslips were washed with PBS, fixed with acetone at -20 C fo 10 minutes and stained with the labeled antibody at 4 C overnight. Specimens were examined under a Nikon ultraviolet microscope.
Hemadsorption test: Before formation of a confluent monosheet, cells in 50 ml plaque bottles were washed with PBS and adsorbed with 1.0 ml per bottle of a 1 % suspension of African green monkey's red blood cells. Hemadsorption was examined under a conventional microscope after an incubation at 4 C for 1 hr and washing with cold PBS. Antimetabolites: Cycloheximide was a product of Upjohn Company, Kalamazoo, Michigan, U. S. A. (Lot ST772-C4).
Actinomycin D was obtained from Mann Research Laboratories, and Mitomycin C was purchased from Kyowa Hakko Company, Tokyo. In a separate experiment, IC and cell associated virus were examined in an extended time period.
RESULTS
Growth Curves
Infection and sampling of L cells were performed in a similar man- Open circles: Frozen thawed homogenate of the culture. Closed circles:
Medium after clarification by low speed centrifugation. Penetration and Uncoating (or Disintegration)
To investigate the early events of measles viral infection in L cells, the penetration and uncoating (or disintegration) processes were studied.
A typical result on the time course of the penetration of measles virus in suspended L cells is shown in Fig. 3 . In this experiment, a moi of 0.01 PFU/cell was chosen so that one IC would approximately correspond to one virus particle which penetrated. The experimental procedures were given in Materials and Methods. The penetration, as expressed by the increment of acid resistent IC, reached its maximum usually at 30-40 minutes. The time required for 50 % of adsorbed virus particles to penetrate was around 10 minutes. Fig. 4 is the result of an experiment on time-dependent decrease of inf ectivity in L cells infected with measles virus. Monolayers of L cells in test tubes were adsorbed with measles virus at a moi of 100 PFU/cell for 40 minutes at 37 C. The viral infectivity that had not penetrated was removed by the treatment with GHS (Materials and Methods). Each tube received 1 ml of maintenance medium, and then at suitable time intervals two tubes were frozen-thawed four times. The homogenates were pooled and assayed for PFU.
The decrease of inf ectivity was found very slow in L cells as compared with that in Vero cells. In the latter, this method was not applicable because of a very rapid fall of infectivity within 10 minutes after the penetration.
Clone Purification of L Cells
To investigate whether the L cells employed in these experiments were homogeneous in respect to their response to measles virus infection, clone purifications were performed according to the methods described elsewhere (Kohno, Kohase and Suganuma, 1908b) . Five clonal cells arbitrarily chosen were capable of supporting the early rapid multiplication of the virus equally well. This seems to ensure the hemogeneity in population of host cells as far as the tested criterion is concerned.
A number of trials to obtain a clone consisting only of IC from the infected cultures in the later phase were unsuccessful, indicating that the culture contained chiefly normal cells. No incidence of recovery of infective virus was encountered in the mixed culture of the isolated clones in the later phase and Vero cells.
Furthermore, these clones from persistently infected cultures were negative in fluorescent antibody staining test, and were equally susceptible to the re-challenge with measles virus.
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Inactivations of Cell-Associated Measles Virus Infectivity by GHS and Neutralizing Antibody
Addition of an anti-measles virus antibody or an acidification by mixing with GHS to pH 3.0 for 5 minutes resulted in an inactivation of a part of cell associated measles viral infectivity. Fresh L cell monolayers in test tubes were infected with measles virus at a moi of 3 PFU/cell at 37 C for 1 hr, treated with GHS for 5 minutes to remove unadsorbed viruses, washed once and incubated at 37 C in 1 ml per tube of maintenance medium. After 1, 2, and 3 days, PFU contents of the following materials were assayed: 1) frozen-thawed homogenate of cells and media of two tubes (total infectivity), 2) media of two tubes after clarification by a low speed centrifugation (media infectivity), 3) frozen-thawed homogenate of cells of two tubes after treatment with GHS (GHS-resistant fraction), and 4) frozen-thawed homogenate of cells of two tubes after treatment with antiserum (antibody-resistant fraction). The detailed procedures of the antibody treatment was as follows. The cells of two tubes were incubated with 1 ml per tube of maintenance medium containing 165 neutralizing units/ml of antibody at 35 C for 10 minutes. They were washed twice with 5 ml per tube of maintenance medium, and then frozen and thawed three times.
As shown in Table, 1 the percentage of medium virus to the total decreased from 16 to 1 % in 3 days of infection, indicating an intracellular accumulation of progeny virus during this period. Much of the infectivity was inactivated by GHS and antiserum treatment suggesting that most of the progeny viruses in L cells were located within a distance from the cell membrane where GHS and antibody could give influence in 5 and 10 minutes, respectively.
Recovery of Measles Viral Infectivity in the Cultures of the Later Phase of Infection after the Low pH Treatment
As observed in the preceeding section, the acidification of L cells infected with measles virus resulted in an inactivation of the majority of the progeny viruses. However, as soon as the pH was brought back to neutral, the PFU content of the L cells began to be restored without a lag. 
DISCUSSION
In this paper measles virus was shown to replicate in L cells. After a rapid multiplication (early phase), the virus was found to persist in the culture at a low level (later phase). The virus did not produce cytopathic effect throughout these phases of infection.
Clonal purification of normal L cells employed in this study revealed that they were homogeneous in respect to their capacities to support the early phase of measles viral multiplication. It was also elucidated by cell cloning that the cultures in the later 
